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Laboratory 4: Introduction To

Basic Electronic Test Equipment
e Lab Overview (Beckwith Chapter 9 pp. 346 - 354)

This Lab will span two weeks, with Part I performed during week 5

and part 2 during week 6. The Lab will investigate
 Alternating Current (AC) Signal Measurements

* Oscilloscope Triggering

» External Scope Triggering

 Effect of Sampling Rate and Signal Aliasing

Equipment Used will be

a) digital voltmeters (DVM's) benchtop and handheld-- sometimes called
“multimeters”

b) signal generators

c) oscilloscopes

d) National Instruments Analog-to-Digital
(A-D) and Digital-to-Aanalog (D-A) Converters
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Laboratory 4: Introduction To
Basic Electronic Test Equipment (2)

One of the most important functions of the undergraduate
Measurements Engineering lab is to provide a working
understanding of the functions and uses of instruments
commonly found in all electrical laboratories.

To the Engineering student, this knowledge is
essential to efficiently conduct laboratory assignments
and in developing independent design projects.

... S0 PAY ATTENTION!
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DIRECT CURRENT ALTERNATING CURRENT
(DC) (AC)
> <o [ o>
— O
* DC is the kind of electri.city * AC is the kind of electricity
gener.ated b}’ 4 battery (Wlt.h Generated by a car’s alternator
definite positive and negative Amplitude and Phase Components

terminals) .. Constant amplitude

e Battery symbol is used as a generic symbol for any DC voltage source, the
circle with the wavy line inside is the generic symbol for any AC voltage source.

Alternating Versus Direct Current (1) http://www.ibiblio.org/obp/electricCircuits/AC/AC_1.html#xtocid296211
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Alternating Versus Direct Current (2)

e Mechanical Analog
Bandsaw
. Jigsaw
blade
wood T l A

. e

motion
(analogous to DC) {analogous to AC)
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Alternating Current Waveform

 When an alternator produces AC voltage, the voltage
switches polarity over time, but does so in a very particular
manner. When graphed over time, the wave traced by

this voltage of alternating polarity from an alternator takes
on a distinct shape ... sine wave

l«<— one wave cycle —]

t

amplitude

0
I[(t)=Ae™

|«<— one wave cycle —]

Alternator shaft — phase
position (degrees)
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Alternating Current Waveform (frequency)

e In the United States, the standard power-line
frequency is 60 Hz, meaning that the AC voltage oscillates
at a rate of 60 complete back-and-forth cycles every second.

In Europe, where the power system frequency 1s 50 Hz, the
AC voltage only completes 50 cycles every second.
l«<— one wave cycle —]

t

amplitude

| -
0 90 |

I[(t)=Ae™

|«<— one wave cycle —]

Alternator shaft — phase
position (degrees)
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Alternating Current Waveform (View in

Scope)

.I .:. :,v:,,;,,:,,:v,:, 'I S OSCILLOSCOPE
SR [ ertcal
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A0SO 000 S0 S0 OO OO O O O 00 \ ®
Vidiv DC_GND AC
TN i trigger @
L6 dvisiohe el [
Cri@ameidus mebess
TR O SO A\ / ®
e I
-1 _ - 625Hz

Frequency = =
9 4 period 16 ms

1

Frequency in Hertz =
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Alternating Current Waveform (Amplitude)

* One way to express the intensity, or magnitude (also called the
amplitude), of an AC quantity 1s to measure its peak height on

a waveform graph. This 1s known as the peak or crest value of
an AC waveform:

Time —»
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Alternating Current Waveform (Peak-to-Peak)

* Another way is to measure the total height between
opposite peaks. This 1s known as the peak-to-peak (P-P)
value of an AC waveform:

Peak-to-Peak

Time —
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Alternating Current Waveform (RMS) (1)

* The Energy delivered over a single oscillation is know as the
“Root Mean Square” (RMS) value
rsin [xt]’dt =
0

Sin[2 T w] T
4 w 2

+ ¥+

True average value of all points T
(considering their signs) is zero! _— -
2

w->2x/T

Practical average of points, all

values assumed to be positive.

T
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Alternating Current Waveform (RMS) (2)

RMS

Practical average of points, all
— values assumed to be positive.

~<—3ARMS ---» ~—35A
v (A 20 % oV — 20 %
RMS ) {‘ T %f
~-- 5A RMS —» S0W SA—> 50W
power power
\ dissipated / dissipated

Equal power dissipated through
equal resistance loads

L V2
RMS = — {[(Asma)t)z]dt — RMS = A—
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Amplitudes for Various Waveforms

RMS = 0.707 (Peak)
AVG = 0.637 (Peak)
- P-P =2(Peak)

RMS = Peak
AVG = Peak
P-P = 2 (Peak)

RMS = 0.577 (Peak)
AVG = 0.5 (Peak)
P-P = 2 (Peak)
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AC Waveform Phase Angle (1)
degrees
(0) (0)
A 0 90 180 270 360 90 180 270 360
I | | I I | I I | VOLTASE
CURRENT
6=90
A B /
of-
| | | | I | | | |
B 0 90 180 270 360 90 180 270 360
(0) (0)
degrees

e The two waves shown above (A versus B) are of the same
amplitude and frequency, but they are out of step with each other.
In technical terms, this is called a phase shift.
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AC Waveform Phase Angle (2)

Phase shift = 90 degrees
Ais ahead of B
(A "leads" B)

e Phase Shift Examples

Phase shift = 90 degrees
Bis ahead of A

(B "leads" A)
A .
Phase shift = 180 degrees
A and B waveforms are
B mirror-images of each other

Phase shift = 0 degrees
A and B waveforms are
in perfect step with each other
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General Dynamic Signals, Definitions (1)

= PERIOD —+i

T

PEAK-T)-FEAK
o AMPLTUoE | ©

l

SINE WAVE

TME ————>

pe- FERICD

f

PEAK-TO- PEAK
o AMPLITUDE

l

SQUARE WAVE

¥
PEAK-TO-TEAK
0 AM{L!TUDE

¥
PEAK-TD-PEAK
AMILH’ODE

STEP

PERIOD
fo—s]

\ee)
REA

NOISE
TME

PERIOD
fe—

oETR S

PERIOD IS THE TIME REQUIRED FOR ONE CYCLE OF A SIGNAL if the signal
repeats itself. Period is a parameter whether the signal is symmetrically shaped like
the sine and square waves above, or whether it has a more complex and asymmetri-
cal shape like the rectangular wave and damped sine wave. Period is always
expressed in units of time. Naturally, one-time signals like the step or uncorrelated
signals (without a time relation) like noise have no period.
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General Waveform Deﬁmtlons (2)
e —WIPTH
l-c-—'

'\ ~—PERIOD —
PERIOD

<] SECOND —
PUTY CCLE = 50 % DUTY FACTOR = .

WIDTH/FERIOD X100=N%  DUTY CYCLE = 20 %

DUTY CYCLE, DUTY FACTOR. AND REPETITION RATE =
REPETITION RATE are parameters of all - /SECOND

rectangularwaves.
J Duty cycle

is the ratio of puise width to signal period
expressed as a percentage.
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VOLTMETERS

B010A DIGITAL MULTIMETER
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Voltage/Current Measurements (Revisited)

, Circut under I
H X e, . pmmmm—————————
O best i . ' Hi ; i
: : (_i . _J-,f-,N ' Q;»
DMM ; DMM 1 i DMM
R Q ; Py v i Circut under | A
\ ; i | test |
o— _— P i - Lo
Resistance A S B
Measuremert Valtage measurement Current measwemert

 Voltages are measured across (e.g., in parallel with) a Component
e Currents are measured through (e.g. in serial with) a component.

* Resistance measurements must be made with NO POWER applied to the
measured device.

* Make certain that the DVM is NOT set to measure resistance when wired to
measure voltage or current.
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DVM as a voltage measurement device

voltage amplifier
T e Rl to Aralog-to-digital Measured voltage ¥m:
: . ns | - | corwverter and s
i ¥S i i - —_
AN S L v n MiCYOproc essor YM=Ys X gom
i 5 Ri is very large
; | =0 = 1IMQ-10G A Rs
e Erron(?2) = Biths ¥100
Circut under test

* An ideal voltmeter has an infinite input resistance so that it will not draw any
current from the circuit under testing.

As a result, one has a voltage divider that will cause the voltage Vm one sees

at the input of the voltmeter to be slightly different from the actual voltage VS one
wants to measure. Our DVM’s have relatively large input resistances (~ 10Mohm)
(depending on the selected voltage range) so that the error will be small as long

as Rs << Ri.
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Fluke 8010A Daigital Volt Meter (1)

Digital Voltmeter (DVM): The digital voltmeter measures both Alrernating
Current (AC) and Direct Current (DC) Voltage, current , and component resistance.

e This is an older product no longer supported by Fluke® ... so be careful
....1uts irreplaceable!

The display on the meter is called a "three and a half" digit display, with the
first digit capable of displaying +1, 0, or -1 (counts for half a digit), plus three

N additional digits.
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Fluke Digital Volt Meter (2)

e Fluke 8010A digital Voltmeter, can measure AC or DC voltage,
current, resistance, or conductivity.

* Measuring Voltage

Connect the COMMON input (a black lead) to the circuit's ground, and
connect the V/k/S input (a red lead) to the voltage to measure.

* Measuring Current

Connect the COMMON input and either the mA or the 10A max input in
series with the wire whose current you wish to measure.

Requires disconnecting the wire, often after the circuit is powered down.
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Fluke Digital Volt Meter (3)

* Measuring Resistance or Conductance

With the circuit power off, connect the COMMON (black) and V/k/S (red) leads across
the resistive element. For accurate measurement, the element usually has to be removed
from the circuit, although simple continuity checking (determining if a wire is
connected) can be done in-circuit.

The maximum measured range is selected by front panel buttons. Make certain the AC/
DC (alternating current/direct current) button corresponds to the proper type of

waveform for your measurement, since the measurement of AC and DC voltages is
fundamentally different.
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HP 34401A Digital Volt Meter (1)

K Several orders
of magnitude more
Precise than Fluke

8010A Meter

.....

Engineering
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HP Digital Volt Meter (2)

* HP34401digital is a high performance instrument FOR measuring resistance,
DC and AC voltage, current, AND signal frequency.

e HP34401A has a built-in microprocessor, memory and other features such as
built-in math functions, recording and storing up to 512 readings, giving the
maximum, minimum and average of the readings. In addition, it can be remotely
programmed using the SCPI (Standard Commands for Programmable Instruments)
language and read by computer via a General Purpose Interface Board (GPIB)

port.

e For this lab we’ll exercise the voltage functions
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HP Digital Volt Meter (3)

® To measure a voltage, connect the nodes

over which one wants to measure the voltage
between the HI and LO input terminals of the

DVM.

* In order to activate the DVM for DC
measurements you have to select the DC
Voltage function by pushing the DC V
button on the front panel.

oD Sense/! ¥ Q

DlSPLAY Hio Hi

] FUHCTIOH [ Y, LMATHT ,LOO
DCI AC | Q4w Period  —p- dB dBm LO
|Dcv| |AC"." | |.n. 2w| |Freq | |Cont | Null | [mmvmi ]
w3 RANGE T——. o I.
w4 5 6 AutoHad d .
1 ] (] (e | ) 0
............................................................................ 1 -
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Hand Held MultiMeter (1)

* One of the Most useful Laboratory Tools

e Performs most of functions of DVM but in
a Hand Held package

FLUKE ) QA3

Electrical Contrator Multimeter

AC voltage
Backlight
HOLD REL A RANGE MIN/MAX
DC voltage —
SELECT (]
_ Ncv o av i i
‘C\F ° e 15V e
2 ® AN DC milivolts
Ac/De Resistance —

Selector

Diode Test —

AC current |

DC current -

TION SYSTEMS
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Hand Held MultiMeter (2)

Pay attention to probe connections
Setting device on Voltage with
current probe connection and vice-
versa can ruin DMM

FLUKE &) VR0
P VA

Terminals
Amps Volts, Ohms, Diode Test

\
i I :/
_g 600V CATII

oy

Milliamps Common Terminal
hr2l.eps

See Specifications for overload protection.
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OSCILLOSCOPES

OSCILLOSCOPE
vertical

@® .
. . ®
Vidv e
trigger @
timebase

@® .:
. .. ®
dav e

Frequency in Hertz = —
Period in seconds
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Oscilloscope Primer (1)

GoldStar OS 9020 Analog Oscilloscope
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Oscilloscope Primer (2)

HORIZONTAL

e Detailed Primer on Scope
Posted on Webpage (Lab 4)
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Oscilloscope Primer (3)

Flecwons wake Caochede ()
the phosph oous ey of . .
* Wuminadng i ReSeons e Oscilloscopes display very

high-speed periodic events.

Flecceon
Al e Think of them as “black boxes”

Sysem that graph voltage versus time.

Fhoaphoous
avoeed

o

 Oscilloscope's major components:

Cathode ray tube (CRT), similar to that in a television. A large voltage
1s placed across anode and cathode, causing electrons to fly from the
negatively-charged cathode, through a vacuum, and smash into the
positively-charged anode, illuminating a spot on its phosphorus coating.

Bright spot fades quickly, so for an image to appear stable, it
must be refreshed at a high rate (many times /second.)

MAE 3340 INSTRUMENTATION SYSTEMS 31




INMecChanicallGrAenospac e,
UtahState
UNIVERSITY Engineering

Oscilloscope Primer (4)

VERTAL
SECTION
> ] 7 ﬂ.%..l.....t....!
— VS,
?
i
Accelerating i
anodes
TRGGER] HORIZOINTAL. - FOCUS
SECTO SECTON : ,
Horizontal Vertical
L INTENSITY deflection  deflection

plates plates

* To display a repeating waveform, the oscilloscope periodically ~~sweeps' the
beam from left to right, vertically deflecting the beam proportional to the input
voltage.

e The result is a graph with time increasing horizontally to the right, voltage
increasing in the (up)vertical direction
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Oscilloscope Primer (5)

e Starting sweep at proper time is necessary for a maintaining a stable image.

* Image (a) shows effect of choosing wrong phasing: many segments of

waveform are superimposed, resulting in wave overlap .. Essentially unreadable.

e [f timing is phased at some multiple of the period of the waveform,traces
superimpose to give a single, stable waveform trace, as shown image (b)

* Most oscilloscopes allow user to set

a voltage and slope (rising or falling) f
or the trigger. ... in Image (2) trigger

is voltage halfway between PEAKS, with
a falling slope.

* WORKS well for simple waveforms. For
complex waveforms, variable holdoff sets
time between end of a sweep and when
starts looking for trigger.

MAE 3340 INSTRUMENTATION SYSTEMS
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Oscilloscope Primer (6)

e A/C versus D/C coupling on input

DC (the abbreviation normally  AC coupling is handy when the entire signal
stands for direct current) input  (aitarating plus constant components) miaht be too

coupling lets you see all of an
input signal. AC (alternating cur- large for the VOLTS/DIV switch settings you want.

rent) coupling blocks the con-
stant signal components and

permits only the alternating  Capacitance between terminals
components of the input signal /
toreachthe channel.
voltage amplifier
"""""""""" . / L to Al o gho-digital

corverter and
M CFOPFOC eSS ar

Ri iz very large
= 10M0-10 G
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1. Switch the VERTICAL MODE
to CH1andthe CH1VOLTS/DIV
setting to 0.5 volit. Be sure your
probe is connectedto channel1
and the PROBE ADJ jack. Turn
on your scope and move the
channel 1 input coupling lever to
GND and center the signal on
the screen with the POSITION
control. Switch to AC coupling.
2. Now you can use the horizon-
tal system of your scope to ook
at the probe adjustment signal.
Move the waveform with the
horizontal POSITION control
until one rising edge of the
waveform is lined up with the
center vertical graticuie.
Examine the screen to see
where the leading edge of the
next pulse crosses the horizon-
tal center line of the graticule.
Count major and minor graticule
markings along the center hori-
zontal graticule and remember
the number.

INechanicIllGdrAenospace,

Horizontal Scope Control
THE HORIZONTAL SYSTEM CONTROLS

3. Change sweeps to 0.2 ms,
line up arising edge with the
vertical graticule on the left
edge of the screen and count to
the next rising edge. Because
the switch was changed from
0.5 to 0.2 ms, the waveform will
look 2.5 times as long as before.
Of course, the signal hasn't
changed, only the scale factor.
4. Inthe middle of the SEC/DIV
switch is the variable con-

trol; in its counterclockwise de-
tent, the settings of the SEC/DIV
switch are calibrated. Move the
control from its detent to see its
effect onthe sweep speed. Note
that now the cycles of the wave-
form are approximately two-
and-a-half imes smaller. Return
the CAL control to its detent.

5. Move the SEC/DIV switch to
0.5 ms and then pull out the red
CAL control. This gives you a
10X magnification of the sweep
speed. In other words, every

Engineering

setting on the SEC/DIV switch
will resultin a sweep that's ten
times faster; for example, the
sweep now is 0.05 ms/division,
not 0.5 ms.

6. While your scope is magnify-
ing the probe adjustment signal,
use the horizontal POSITION
control. Its range is now mag-
nified as well, and the combina-
tion of magnified signal and
POSITION control gives you the
ability to examine small parts of
a waveform in great detail. Re-
turn your scope to its normal
sweep speed range by pushing
the CAL switch in.
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Scope Triggering
GoldStar OS-9020A Oscilloscope Triggering Controls
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Scope Triggering (1)

TRIGGERING GIVES YOU A STABLE DISPLAY because the same trigger point starts
the sweep each time. Slope and level controls define the trigger points on the trigger &\ L
signal. When you look at a waveform on the screen, you're seeing all those sweeps y : \

overlaid into what appears to be one picture - \ '/
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Scope Triggering (2)
. 0PE (ONTROL
 Internal trigger
“.. Scope does the triggering” mnﬁ

* External Trigger
... uses external signal

CnGy,  NeahivE

SLOPE AND LEVEL CONTROLS determine where on the trigger signal the trigger
actually occurs. The SLOPE control specifies either a positive (also called the rising
or positive-going) edge or on a negative (falling or negative-going) edge. The LEVEL
control allows you to pick where on the selected edge the trigger event will take
place.
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Scope Triggering (3)

A N

'/-RETRACE RETRACE
4 S ld _ __
DPISPLAYED -~ DISPLAYED ™~ DISPLAYED

HOLDOFF HOLDOFF

TRIGGER HOLDOFF TIME ensures valid triggering. In the drawing only the labeled
points start the display because no trigger can be recognized during the sweep oOr
the retrace and holdoff period. The retrace and holdofftimes are necessary because
the electron beam must be returned to the left side of the screen after the sweep, and
because the sweep generator needs reset time.
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Scope Triggering (4)

POSS|BLE TRIGGER FOINTS THE VARIABLE HOLDOFF CONTROL
lets you make the scope ignore some

potential trigger points. In the example,
alithe possible trigger points in the input
signal would result in an unstable dis-

play. Changing the holdoff time to make

ls{Nef’U” a‘rg sure that the trigger point appears on
the same pulse in each repetition of the
input signal is the only way toensure a
RETRACE stable waveform.
| SwWeeP ( ]

| ——— ——
k HOLDOFF

_Mnmn pec
| T DSAAY L Useful for non-
STANDARD

"U'l_l'L_.r' o DiSpLAY | HOLPOFF Periodic signal

.. Like serial

SWEEP “/ Remcf Communications

- FSTBYZE”

'I I|II II ALL
PIoPLAYS
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Scope Triggering (5)

TRIGGER CONTROLS

1. Move the trace to the right
with the horizontal POSITION
control until you can see the
beginning of the signal (you'll
probably have to increase the
intensity to see the faster vertical
part of the waveform). Watch the
signal while you operate the
SLOPE control. Ifyou pick + . the
signal onthe screen starts with a
rising edge; the other SLOPE
control position makes the
scope trigger on a falling edge.

2. Now move the LEVEL control
back and forth through all its
travel; you'll see the leading
edge chmb up and down the
signal. The scope remains
triggered because you are
using the P-P AUTO setting.

3. Turn the MODE switch to
NORM. Now when you use the
LEVEL control to move the trig-
ger point, you'll find places
where the scope is untriggered.
This is an illustration of the es-
sential difference between nor-
mal and automatic triggering.

4. You can also see the differ-
ence between the two triggering
modes by using channel 2, even
with that channel coupled to
GND for ground. Change both
the vertical display mode and
the INT (2215A: A&B INT)
switches to CH 2. With NORM
triggering, theres no signal;

with P-P AUTO, you'll see the
baseline. Try it.

Engineering
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External Triggering Of Scope (1)

Trigger Sources displaying. That has the obvious
Trigger sources are grouped advantage of letting you see
into two categories that depend  where you're triggering.

on whether the trigger signal is X

provided internally or externally. Triggering on one of the
The source makes nodifference  channels wor ks just like it
in how the trigger circuit oper- sounds: you've set the scope to

ates, but internal triggering usu- trigger on some part of the
ally means your scope istrigger-  Waveform present on that
ing on the same signal that itis ~ channel.
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But triggering on the dis-
played signal isn't always what
you need, so external triggering
is also available. It often gives
you more control over the dis-
play. To use an external trigger,
you set the SOURCE switch to
its EXT position and connect the
triggering signal to the BNC
connector marked EXT INPUT

INechanicIllGdrAenospace,

External Triggering Of Scope (2)

Switch Positions
Tngger Source SOURCE INT
channei 1 only INT CH1
channel 2 only INT CH2
external EXT disabled
line LINE disabled

MAE 3340 INSTRUMENTATION SYSTEMS
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on the front panel. Occasions
when external triggering is use-
ful often occur in digital design
and repair; there you might want
to look at a long train of very
similar pulses while triggering
with an external clock or with a
signal from another part of the
circuit.

The LINE position on the
SOURCE switch gives you
another triggering possibility:
the power line. Line triggering is
useful anytime you're looking at
circuits that are dependent on
the power line frequency.
Examples include devices like
light dimmers and power
supplies.
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Scope Triggering Primer

Oscilloscope Trigger | Triggering Tutorial:

http://www.radio-electronics.com/infolt_and_m/oscilloscopel/oscilloscope-trigger.php
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Digital Oscilloscope

Engiineering

MAE 3340 INSTRUMENTATION SYSTEMS
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Digital Oscilloscope

Same function as analog scope but No CRT screen ... LCD Instead

Digital Scope
Menu/Items
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UtahState Lab Setup Part 1 Pa=Eieriss]] & FrE e

Goldstar Analog Oscilloscope and/Or ConneCt DACO on the

Digital Scope

National Instruments NI-
BNC 2120 Connector
Block the oscilloscope
input channel 1, and DACI

to scope’s channel 2.

NI-BNC 2120

Also connect to the Fluke
8010a bench meter, HP
34401A meter, and

handheld-DMM input
terminals.

Set coupling mode switch
tO “AC”
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INechanicIllGdrAenospace,

Engineering

NI Multifunction I/O Card and Connector

—

I-BNC 2120 Block

* Will be used to generate
waveforms for this Laboratory

Outputs

MAE 3340 INSTRUMENTATION SYSTEMS 48
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INechanicIllE e nospace)

Engineering

Labview Wavetorm Generator for Laboratory
e Signallab.vi ... should be a shortcut link on your desktop

WEveform

5 8 2 16 Stop Waveform Generation

)
\"‘ -
2 /B8
19 -9
] 4

0 10

STOP

Wave Form Deschjption

Sine Wave (3)
=

N6

wave frequency, Hz Sample Interval, s
140 |2.56-6

Sine Wave (1)
Sine Wave (2)
Square Wave (1)
Sawtooth Wave
Square Wave with Duty Cycle
Triangle Wave
v Sine Wave (3)

Square Wave (2)
Sine Wave (3)
Sawtooth Wave (2)
Dual Waves

MAE 3340 INSTRUMENTATION SYSTEMS

XY Graph

aveform

Outputs
various
selectable
waveforms
to DACO or
DACI on
BNC 2120

.... Otherwise there 1s a link to the file
on the “Lab 4 web page
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Wave Forms for Laboratory, Part 1 (1)

XY Graph
Waveform e

4 ? 6 Stop Waveform Generation 4-
3 i |7
u

SO i nnnmmmmmwmm

Wave Form Description ¢ _”' 'IW%WW

Snewave [0 S eSS Ee ey

m -

0-
-1-
-2~
-3-
-4-
=5-|

| | | | |
0 0.02 0.04 0.06 0.08 0.1
Time, sec
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Wave Forms for Laboratory, Part 1 (2)

XY Graph

Waveform e

3 4\ ? ,5 Stop Waveform Generation
L

| -
2-7 -8 STOP
-
19 ~9
i \

0 10

-
"
"

.-

Wave Form Description g o

Sine Wave |1 g

-
"
.
.

-
S

0 0.02 0.04 0.06 0.08 0.1
Time, sec
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Wave Forms for Laboratory, Part 1 (3)

Waveform

4\ ? ,6 Stop Waveform Generation -
3\"_ ' 17
2 __ -8 STOP |
17} =9
/ N
0 10 u

-
Wave Form Description ¢ of AR BHARRRAAA TR
Square Wave |2 g L1 I I I I I I

W
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Wave Forms for Laboratory, Part 1 (4)

UMENTATION SYSTE
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Wave Forms for Laboratory, Part 1 (5)

Waveform

3

4\ ? ,6 ; Stop Waveform Generation

STOP

S -
2-f \ )-8
1 ~9

& Oy

0 10

Wave Form Description %

Square Wave

with Duty =

rllf'll\

1 1 1 1 1
w . w ~ — o — ~ w B w
! 1 1 1 1 1 1 1 1 1

Time, sec
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Wave Forms for Laboratory, Part 1 (6)
Square Wave with Duty Cycle Definition

XY Graph

Waveform

(]
!
¢
|
()
Waveform

=T 1 1 1 [ [ [ [ [ [ 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120
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Wave Forms for Laboratory, Part 1 (7)

Waveform 5
476 Stop Waveform Generation -
5 ) s -
y
0 10 2-
£
Wave Form Description ¢ o
Triangle 5 g l' j | g '
Wave = e
N
n

| | | | I | | | | | |
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 00016 0.0018 0.002
Time, sec
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Wave Forms for Laboratory, Part 1 (8)

Original Wave
Waveform 5-
4 5 6 Stop Waveform Generation
3 et 7 4-
2_\? -8 STOP
19 ~q S
0/ \10
2-1
E
e o
Wave Form Description T o-
©
=
Dual Waves 10 -
-2
-3-
wave frequency, Hz Sample Interval, sec -4-
1 600 | 1E-5
_S_(IJ OOIOZ 00IO4 00|06 0(;08 0|01 OOIlZ 00Il4 OOIlG OOIlS 0I02
Wave 10 Parameters Time, sec

(Dual waves)
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UNIVERSITY

Engineering

What Happens when we hit the ““Add”

Switch on the scope (case 1)

Trig Identity :sin(x)+sin(y)=2- sin(x ; y) : cos(%)

2

0= Ay (0 )2 A, 00 1+) 2 A, i BT, 00712017120

N—————

. . . — T ) -COS
sm(w0 [+, t)~cos ) -cos(w0 -, t) cos(9)+ 2 )
2 2 2 2
. . . cos Wy THW, "1 -sin
cos(wo t;wl t)~sin g -cos(wO t;wl t) cos(§)+ 2
=2 A sin| L0 LEOT ) oo
sin[ Lo TEOT o ¢ sin| L L) G ¢ + 2
2 2 2 2
) . . . cos Wy T+, 1 -sin
cos| Lo [+ 1 -sin ¢ -sin| 2o f-w 't sin(ﬂ) 2
2 2 2 2 -

N AO.lsin(w).cos(ﬂ)+cos(w).Sm(ﬂ)lxlcos(w).Cos(—¢)_5m(M).Sm ﬁ)”
2 2 2 2 2 2 2 ,

MAE 3340 INSTRUMENTATION SYSTEMS

58
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UNIVERSITY

INechanicIllE e nospace)

Engineering

What Happens when we hit the ““Add”

Switch on the scope (2)

wo-t;-w Z)-c . % . (a) tzwl-t)-cos(g)
S(a)o-t;a) .t)-sin % ‘C (wo.t;wl.t)-cos §)+
y=2A . (@, t+w, T [ W, t—w 't . (¢
n( : )-c o(2)-s ( . )-s1n(5)+
S(a)o-t;-a) 'Z)'Sil’l % '8 (wo't;wl't)-sin(g)
(3] wtecf
. 2|5 sinGo e 2 o1
Case 1. Cos(£)=cos(£)=£ ! 2
. 2 4) 2 A, +[sin(w, 1) +cos(w, )]
$=90"== = (4\ (x) 2 |=¥D
2 radians sm(5)=sm(z)=7 AO-%[sin(a) -t).%+c (w, 1) Q]
W, =,
ﬁ'Ao[sin(w t E)
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Engineer

What Happens when we h1t the “Add”

Switch on the scope (3)

Original Wave

Waveform

Wave Form Description
Dual Waves 10

(Dual waves)

Waveform

7]
4]

60




UtahState INtechsnicsledrenospIce;
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Wave Forms for Laboratory, Part 1 (9)

5_

Waveform

4\ ? (6 Stop Waveform Generation
3 g 7
2= -8 STOP
1) ~9
/2 N

(I N R TINT T .
llllll

Wave Form Description
Dual Waves |10

o e LG
— R e e
-5~

}
0 0005 0.01 0015 0.0 0025 0.0 0035 0.04 0045
Time, sec

Waveform

Heterodyned Waveform
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What Happens when we h1t the “Add”

Switch on the scope (case 2)
y(t)= A, sin(w, 1)+ A, sin(w, t+¢)=

(W, t+w, -t o, t-w 1) 1 |
2 1\2 2 2
~
a) .t+a) .t- . a) .t_a) .t
2-A,- - |
_0° (o, t+w, 1 N L B P
¢=0" 1__ sin| — 1 )'COSQ -sinf = o 'S f"'
w, # W, 2 2 /2 /u* 2
wO.t_l_wl.t- ) . a)().t_a)l.t . .
COS S — |-S1n *S1 -
| 2 2 2
Carrier Frequency Beat Frequency
(@, t+w,t Wy t-, 1
2-A,- Sln( 0 5 1 )-cos( 0 > 1 )]
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U N | V E R S | T Y Engineeritng

What Happens when we hit the ““Add”
Switch on the scope (Case 2, 2)

Original Wav

Stop Waveform Generation

Waveform

Wave Form Description
Dual Waves 10

wave frequency, Hz Sample Interval, sec

1 600 1 1E-5

Wave 10 Parameters
(Dual waves)

() = ASin[th]+ Asin[a)lt] =2Acos [( @,
s

(5

Heterodyned W : :
e S{n = Slowly beating amplitude  High Frequency wave

veform

Carrier Frequency, Hz Beat Frequency, Hz -4 !
625 125 -5-4 : ] i
I 0 0.01 0.02 0.03
Time, sec




UtahState
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INechanicIllGdrenospace)

Engiineering

Lab 4 Part 2, Effects of Signal Aliasing

Original and Acquired
10-

Amplitude

-10-}

| —
No Aliasing

1 i i i [ ] 1 1 1 i i ] [ 1 1 1
0 005 01 015 0.2 025 03 035 04 045 05 055 0.6 065 0.7 0.75 0.8

Sampling Frequency /

Signal Frequency 5

Nyquist Frequency (Hz)
125 0

Folding Point (Hz)

Frequency of the Signal
to be Acquired

5 Hz

— T

Sampling Frequency

1 I I I 1 I I
4 10 15 20 25 30 35 40

25 Hz

1 J

0 20 40 60

80 100

i i i [
0.85 09 095 1

Time (s)
Original Signalji¥] HE o
Acquired SignalgN

Frequency

10-

Amplitude

0-§ 1 1 1
0 25 5 7.5

1 1 1 1 1 i [
10 125 15 175 20 225 25

Frequency (Hz)

STOP
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UtahState INtechsnicSladTenospace,

UNIVERSITY T ah Setup; Part 2

Connect BNC 2120
NI BNC 2120 Signal Generator Output

to ‘Scope Chan 1 and
BNC 2120 ACHO
(Analog Input)

Signal
Generator

and Digital

MAE 3340 INSTRUMENTATION SYSTEMS

Oscﬂloscope

= s BN

|’_\
\B)—

Connect to Analog

II' O\
D

=N BNC 2120

= \, =
A "

\J -

Engrineering

I,_\I
),

N\
(12)

-

l, \I
(®;

(14)
=
(15}

* Frequency and

Amplitude Settings
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UNIVERSITY

NI BNC 2120 Connector Block Analog

Engineering

Input Channels
° Make sure switches are set to
Analog Input Channels NG e pg

PG INPUTS

Ground Ref.
Source (GS)
RES BNC )

' NATIONAI
INSTRUMENTS




UtahState

UNIVERSITY

Table 3: Part 2 Lab Test Results.

INechanicIllGdrAenospace,

Engineering

You are Going to Populate this Table for
Both Sine and Triangle Waves

Observed P-P
Set P-P Voltage Observed frequency
Wave |Voltage| Set Frequency Sample rate from DAQlab.vi from DAQlab.vi
Sine

1 2V 1000 Hz 15,000 sps

2 2V 1000 Hz 2500 sps

3 2V 1000 Hz 2000 sps

4 2V 1000 Hz 750 sos

5 2V 1000 Hz 500 sps

6 2V 1000 Hz 250 sps

7 2V 1000 Hz 100 sps

* * * * * *

MAE 3340 INSTRUMENTATION SYSTEMS
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You are Going to Populate this Table for
Both Sine and Triangle Waves

INechanicIllGdrAenospace,

Engineering

Sine

8 2V 250 Hz 15,000 sps
9 2V 250 Hz 2500 sps
10 2V 250 Hz 2000 sps
11 2V 250 Hz 750 sps
12 2V 250 Hz 500 sps
13 2V 250 Hz 250 sps
14 2V 250 Hz 100 sps
* * * *

Use Oscilloscope to set the amplitude and frequency of
BNC 2120 Waveform Generator(s)
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Part 2 Example Waveforms

Analog Plot
Sampled Plot u

Input Analog/ Sampled

Volts

.
I |} } I I 1 1 1
0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005
Time, sec

\
i i i
0 0.0005 0.001

69
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UNIVERSITY Engineering

Part 2 Example Waveforms (2)

Analog Plot  Pavd
Analog/ Sampled -
Sampled Plot n

Input
Time Series PLot

Volts

i
0.006

=0 I : ] 1 1 i I
0 0.001 0.002 0.003 0.004 0.005
Time, sec
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